An expedient, palladium-mediated cross-coupling approach to functionalize the benzimidazole-based core under microwave-assisted conditions has been developed and is described. This protocol, which incorporates appendage diversity on this potential scaffold, is found to be compatible with a wide range of electronicallyand sterically-divergent (hetero)aryl boronic acids. The use of the PdCl 2 /(SPhos) catalytic system allows the formation of a stable and highly active LPd(0) species which was found to be critical for the successful synthesis of these novel, pharmacologically-relevant molecules.
Initially, we carried out the reaction with a palladium chloride catalyst and 2,2′-bis(diphenylphosphino)-1,1′-binaphthyl (BINAP) ligand in DMF using K 2 CO 3 as base. The reaction mixture was heated at 120 ℃ using a microwave synthesizer to obtain the desired product at 21 % final yield following purification using a flashcolumn chromatographic technique (Table 1, entry 1). Under this condition, we further screened different ligands to identify the suitable catalytic system which may simplify the conversion of the reactant molecules to the desired product in good yield (Figure 1 ). To our delight, we obtained the expected product 5b in 60 % yield when 2-dicyclohexylphosphino-2',6'-dimethoxybiphenyl (SPhos) was used as the ligand (Table 1, Our attention was next turned to screening various bases in view of improving the yield of the desired product. Accordingly, we screened various organic and inorganic bases using our previous best condition ( Table 2 ). Comparing all of the bases used for the synthesis, cesium carbonate was found to be superior and more effective towards the catalytic system (Table 2, entry 4). Cesium salts are very versatile in their use in organic chemistry due to their large ionic radius, low charge density and, in many of the cases, superiority to the analogous potassium compounds. The reason for its unique success is not entirely clear, however, practice has proven its applicability. Organic bases and the non-nucleophilic base 1,8-diazabicyclo [5.4 .0]undec-7-ene (DBU) were also used for our optimization investigation ( Table 2 : entries 1, 3 and 6). Unfortunately, the desired product was obtained in lower yields in all of those screening conditions. We next focused on identifying the suitable solvent system which favors the reaction conditions (Table 3) . To our delight, we found the formation of the expected product in 95 % (GC-MS yield) with 91 % isolated yield when dioxane was used as the solvent (Table 3, entry 6 ). Finally, the optimized conditions were fixed as microwave irradiation of the iodobenzimidazole intermediate 3a and boronic acid in the PdCl 2 -SPhos catalytic system with cesium carbonate as base and dioxane as solvent at 120 ℃. After establishing a facile protocol for the Suzuki coupling reaction, we focused our attention on the evaluation of the scope of this developed methodology. Accordingly, we treated the intermediates 3a and 3b with a variety of boronic acids in our optimized conditions under microwave irradiation. Almost all of the reactions were completed within 30-40 minutes. To our delight, we obtained the desired coupled products 5(a-t) in good to excellent yields. The yield was consistent throughout the substrates irrespective of their electronic nature. A plausible mechanism for the Suzuki-Miyaura cross-coupling reaction is as follows: the initially formed, coordinative-unsaturated palladium species LPd(0) undergoes oxidative addition with the iodobenzimidazole intermediate to form the oxidative adduct complex. Subsequent trans-metalation from the ate-complex of boron to the oxidative adduct complex, followed by reductive elimination, yields the cross-coupled product.
Conclusions
A different approach for the synthesis of novel 1-substituted-2-(hetero)arylbenzimidazoles in excellent yields has been developed under microwave conditions. This method has provided easy access to a diverse range of 2-(hetero)arylbenzimidazoles of potential medicinal relevance. The protocol is found to be conducive with a wide range of electronically and sterically diverse (hetero)arylboronic acids. The use of a PdCl 2 /SPhos catalytic system was found to be influential in pushing these reactions to excellent conversions.
Experimental Section
General. All solvents and reagents were obtained from commercial suppliers and used without further purification unless otherwise noted. Microwave reactions were performed in a single mode Biotage Initiator Microwave Synthesizer, and temperature was monitored using infrared. Analytical TLC was performed on precoated aluminum sheets of silica (60 F 254 nm) and visualized by short-wave UV light at λ 254 nm. Melting points were determined on an EZ -Melt automated melting point apparatus. 1 H NMR (400 MHz) and 13 C NMR (100 MHz) spectra were recorded on a Bruker Avance II spectrometer with chemical shifts (δ) and coupling constants (J) expressed in ppm and Hz, respectively. The following abbreviations are used for the splitting patterns: s for singlet, d for doublet, t for triplet and m for multiplet. LC-MS analyses were performed using ESI/APCI, with an ATLANTIS C18 (50 X 4.6 mm-5µm) column and a flow rate of 1.2 mL/min.
Synthesis of N-substituted derivatives 2a and 2b
N 1 -cyclohexylbenzene-1,2-diamine (10 mmol, 1.0 equiv), formic acid (10 equiv) and triethyl orthoformate (1.5 equiv) were refluxed at 100 ℃ for around 20 hours. Reaction completion was monitored by TLC. After completion of the reaction, the reaction mixture was distilled under reduced pressure yielding a black, oily crude mixture. The crude mixture was basified with saturated NaHCO 3 solution and the product was extracted using ethyl acetate (50 mL x 2). The combined organic layers were dried using anhydrous sodium sulphate, distilled under vacuum, and then purified by flash column chromatography using an eluent of 20-40 % ethyl acetate in hexane to give the intermediates 2a and 2b.
1-cyclohexyl-1H-benzimidazole (2a)
Brown oil (1800 mg, 90 %). 1 
Synthesis of key intermediates 3a and 3b
In an oven dried flask, 1-cyclohexyl-H-benzimidazole (10 mmol, 1.0 equiv) was dissolved in dry THF. The reaction mixture was cooled to -78 ℃ and t-butyllithium (1.7 M, 1.4 equiv) was added dropwise at -78 ℃. The reaction mixture was stirred for 20 minutes and N-iodosuccinimide (NIS) (1.4 equiv) was added in anhydrous THF dropwise at -78 ℃ and stirred for 2 hours. The progress of the reaction was monitored by TLC. After completion of the reaction, the reaction mixture was cooled to ambient temperature. The excess tbutyllithium was quenched using saturated NH 4 Cl; excess THF was distilled off and extracted twice with ethyl acetate (50 mL x 2). The combined organic layers were washed with brine, dried over anhydrous sodium sulphate, and distilled under reduced pressure to obtain the crude mixture. The crude product was then purified by flash-column chromatography using 10 % ethyl acetate to give the key iodobenzimidazole intermediates 3a and 3b.
1-cyclohexyl-2-iodo-1H-benzimidazole (3a)
Yellow powder (2900 mg, 89 %). mp 106-108 ℃. 1 
Synthesis of 2-substituted benzimidazole molecules 5(a-t)
To the key iodobenzimidazole intermediates 3(a-b) (1 mmol, 1 equiv) in dioxane (4 mL) was added PdCl 2 (5 mol%) and SPhos (10 mol%), and the reaction mixture was degasified using nitrogen and stirred at ambient temperature for about 10 minutes. After 10 minutes, aryl/hetero aryl boronic acid 4(a-t) (1.6 equiv) and CsCO 3 (2 equiv) were added and the reaction mixture was again degasified for another five minutes. The reaction mixture was heated in microwave at 120 ℃ for 30-40 minutes. After the completion of reaction monitored by TLC, the reaction mixture was cooled to room temperature and 10 mL of water was added. The mixture was extracted using ethyl acetate and the organic layer was separated. The organic layer was dried using anhydrous sodium sulphate and distilled under reduced pressure to obtain the crude mixture. The crude product was purified by flash chromatography to afford the 2-substituted-benzimidazoles 5(a-t) in good yields. 13 
